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REMARKS 

Claim 7 has been amended and claims 20-31 stand cancelled. Claims 20-29 
are newly cancelled as being drawn to non-elected subject matter. No new matter is 
presented by virtue of the within amendments. 



As an initial matter, Applicant affirms its earlier election of Group I, directed to 
claims 1-19, in response to the Restriction Requirement communicated to the 
undersigned by phone. Applicant reserves the right to pursue non-elected subject 
matter (i.e. of claims 20-29) in a divisional application or, alternately, in the present 
application in the event rejoinder may become available. 

Referring now to the more substantive aspects of the Office Action, claim 7 is 
objected to for allegedly reciting an improper Markush group. Claim 7 has been 
amended to address this informality. Withdrawal of the rejection is therefore requested. 

Claims 1-19 stand rejected under 35 U.S.C. §103(a) over Clark et al. (U.S. 
Patent 6,306,243) in view of Ederer et al. (WO 01/26885 A1 ). 

The rejection is traversed. Even in combination, the cited references fail to teach 
or suggest the present invention in any manner sufficient to sustain the rejection. 



o 

o 



CO 



For instance, the present application discusses Ederer et al. in detail on pages 2- 
5 of the specification; see in particular page 2, line 22 to page 5, line 12. As outlined on 
page 5, lines 14-21, it is the object underlying the present invention to provide suitable 
low-viscosity building materials and bath compositions for the production of three- 
dimensional models or elements by means of a method, preferably by means of the 
method described in WO 01/26885 (i.e. Ederer et al.), wherein the building material is 
deposited in a computer-controlled way onto specific positions of a support layer by 
layer in form of single droplets, where it is chemically solidified in these positions in the 
presence of a bath fluid, the outlet port of the dosing device being located above the 
surface of the bath fluid in order to avoid plugging of the outlet port. 
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As discussed in the present application, Ederer et al. do not disclose suitable 
materials for the bath fluid and the building material. It is merely mentioned that 
thermoplastic or waxy materials having a viscosity of not more than 20 mPa-s at a 
temperature of not more than 130°C can be employed, which cool down during 
deposition and, thus, solidify. However, these kinds of materials exhibit an insufficient 
thermostability. Thus, Ederer et al. do not disclose suitable building materials fulfilling 
the requirements of having a low viscosity at the processing temperature, which can be 
solidified by a chemical reaction or by thermal cross-linking and, subsequently, have a 
sufficient thermostability and good mechanical properties. 

The successful application of the method described by Ederer et al. poses very 
high demands on building material, bath and the combination thereof. Running systems 
of this kind were not known at the present application's priority date (at the time when 
the invention was made). 

Clark et al. cannot remedy the deficiencies of Ederer et al. for at least the 
following reasons. Clark et al. describe tt pH-modified monomer and polymer 
compositions useful as biomedical and surgical adhesives, sealants, implants and 
bioactive agent release carriers or matrices. They comprise a monomer or polymer and 
an effective amount of an acidic or basic pH modifier effective to modify the pH of an 
immediate in vivo environment of the composition to a pH range at which the polymer 
biodegrades at a different rate than at physiologic pH. The invention also relates to in 
vivo applications in which surfaces are joined or treated with such pH modified 
biocompatible compositions": cf. Clark's abstract. 

Indeed, the disclosure in Clark et al. relates to a completely different technical 
field. Therefore, one skilled in the art would not look to Clark et al. as a pertinent 
reference or as any starting point at all. It is more likely, as outlined above, that the 
skilled artisan would begin with Ederer et al. However, there is no suggestion 
whatsoever in Clark et al. that the compositions disclosed therein could be used in the 
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method of Ederer et al. in order to solve the object underlying the present invention. 
With knowledge of the present invention, Clark appears to have been identified using 
some sort of hindsight reconstruction. 

Thus, Applicant submits that one skilled in the art would not start from Clark et al. 
in attempting to arrive at the claimed invention. Rather, the person skilled in the art 
would start from the method disclosed by Ederer et al. and would try to find suitable 
materials to be used as building material and bath fluids in order to overcome the 
disadvantages as discussed on pages 2-5 of the present specification. 

The person skilled in the art would clearly not even look to Clark et al. in order to 
solve the object underlying the present invention. It also is noted that the present 
claims do not claim 'cyanoacrylate monomers or polymers'. Rather, present claim 1 is 
directed to a combination of at least one building material and a bath fluid for a method 
for directly printing elements and models as further specified in the claim. Such a 
combination is clearly not disclosed or suggested by Clark et al. Indeed, this is 
expressly acknowledged in the Office Action at page 7, lines 5 and 6. 

The person skilled in the art starting from the method as disclosed by Ederer et 
al., would not have arrived at the claimed combination of the present invention in any 
manner considered obvious - first, because he would not have combined the teaching 
of Ederer et al. with that of Clark et al., and second, because no one skilled in the art 
would have expected that the claimed combination of at least one building material and 
a bath fluid for a method for directly printing elements and models would work and can 
actually be used, since its teaching is against the principles of polymer chemistry. That 
further rebuts any case of prima facie obviousness that may be contended. 

Moreover, the Office Action acknowledges that Clark et al. disclose that 
cyanoacrylates are typically polymerized by way of an anionic polymerization. 
Additionally, according to Clark et al., polymerization of the monomer mixture is 
accelerated with aqueous solution. 
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However, to be precise, polymerization of the monomer mixture is accelerated by 
spraying with a 1% aqueous sodium bicarbonate solution (Examples 1-3, 5, 9-18, 1C- 
3C, 5C and 9C-18C) or a 1:2:97 triethylamine/methanol/heptane mixture (Examples 4, 
6-8, 4C and 6C-8C); cf. column 12, lines 13-18 of Clark et aL 

It was not obvious at all from this teaching in Clark et al., i.e. accelerating the 
reaction of cyanoacrylate monomers by spraying with a 1% aqueous sodium 
bicarbonate solution, to use in the method of Ederer et al. cyanoacrylate monomers as 
building material in combination with an aqueous bath fluid in which the initiator is 
present for at least the following reasons. 

a) According to G. Odian, Principles of Polymerization, 3 rd Edition, J. Wiley & 
Sons, NY 1991, pages 6-9 and 398-425 (copy enclosed), the following is 
known about polymer chemistry: 

"Chain polymerizations require an initiator from which is produced an 
initiator species R with a reactive center The reactive center may be 
either a free radical, cation, or anion. Polymerization occurs by the 
propagation of the reactive center by the successive additions of large 
numbers of monomer molecules in a chain reaction happening, in a matter 
of a second or so at most, and usually in much shorter times. Monomer 
can react only with a propagating reactive center, not with the monomer. 
By far the most common example of chain polymerization is that of vinyl 
monomers". See page 7 of Odian, second paragraph and reaction 
formula. 

"The growth of the polymer chain ceases when the reactive center is 
destroyed by one of a number of possible termination reactions". See 
page 7 of Odian, penultimate paragraph. 
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Accordingly, a polymer chain is built of one initiator species and a large 
number of monomer molecules. 

b) The polymerization mechanism disclosed in general with respect to free 
radical, cationic and anionic polymerization in the "Introduction" on page 7 
of Odian is discussed in detail in Chapter 5-3 on pages 398-425 of Odian. 
As discussed above, anionic polymerization is the polymerization 
mechanism underlying the polymerization of cyanoacrylates by spraying 
with a 1% aqueous sodium bicarbonate solution as taught by Clark et al. 

"The range of solvents useful for anionic polymerization is limited to 
aliphatic and aromatic hydrocarbons and ethers". See page 398, third to 
last line. 

"Termination occurs by transfer of a positive fragment, usually a proton, 
from the solvent or some transfer agent (often deliberately added), 
although other modes of termination are also known". See page 399, lines 
3-5. 

Furthermore, as outlined on page 404 of Odian, beginning in line 5: "Any 
moisture present terminates propagating carbanions by proton transfer 
[...]. The hydroxide ion is usually not sufficiently nucleophilic to reinitiate 
polymerization and the kinetic chain is broken. Water has an especially 
negative effect on polymerization, since it is an active chain-transfer 
agent. For example, C tr ,s is approximately 10 in the polymerization of 
styrene at 25° C with sodium naphthalene [Szwarc, 1960], and the 
presence of even small concentrations of water can greatly limit the 
polymer molecular weight and polymerization rate. [...]. Living polymers 
are terminated by the deliberate addition of a chain-transfer agent such as 
water or alcohol to the reaction system after all of the monomer has 
reacted". 
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Thus, water is a chain-transfer agent and terminates typical anionic 
polymerizations, since the carbanion as the end-group of the propagating 
polymer chain reacts with a proton of the water by formation of a OH" ion 
and the carbanion is transferred in a non-reactive end-group. Accordingly, 
growth of the polymeric chain is stopped. Since the OH" ion is not 
sufficiently nucleophilic to reinitiate polymerization not only the real chain 
is broken, however, also the kinetic chain. Thus, the polymerization is 
stopped in total if water is present as an impurity. 

c) With respect to cyanoacrylates the situation is a little bit different. 
"A monomer, such as methyl-a-cyanoacrylate, with two electron- 
withdrawing substituents can be polymerized with very mild nucleophiles 
i . J. Polymerization probably involves initiation by water (or OH from 
water) {...]". See page 400 of Odian, last five lines of the penultimate 
paragraph. 

The consequences of this fact are as follows: 

i) Either water is not the initiator, however, OH" is the initiator. 

In such a case, water is a classical chain-transfer agent. This means 
that the carbanion at the end of a growing polymer chain reacts with 
water, thus, resulting in a non-reactive end-group. However, an OH" 
ion is built which can initiate a new chain. In such a case, the length of 
the chain is inverse proportional to the formula Ctr [H 2 0]/[M]. C lr is the 
chain-transfer constant for water and [H 2 0] and [M] are the 
concentrations of water and monomer, respectively. C tr is about ten 
(see Odian, page 404, line 9-10). Thus, if water is present in a large 
excess, such as in the combination according to claim 1 of the present 
invention, comprising a bath fluid consisting of an aqueous solution 
containing an initiator, and a small drop of cyanoacrylate is introduced 
into the aqueous bath fluid, the term C tr [H 2 0]/[M] » 1. Thus, the 
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degree of polymerization is « 1, such that according to the teaching in 
textbooks of this field of technology no polymer can be formed. 

ii) In the other case, if water itself acts as an initiator (i.e. [H 2 0]=[l]), the 
degree of polymerization of a non-living polymerization is inverse 
proportional to the root of [I] (concentration of the initiator), and in case 
of a living polymerization, it is inverse proportional to [I]. According to 
Odian (see page 410), practically all analysed anionic polymerization 
reactions are living polymerizations, with the only exception being the 
polymerization in liquid ammonia initiated by KNH 2 . Thus, also in such 
a case, according to textbook knowledge, it is not possible to obtain a 
polymer when a small drop of monomer is poured into a large excess 
of water. 

Thus, in the presence of larger amounts of water no polymer can be formed in a 
typical anionic polymerization reaction. 

d) Accordingly, the teaching of the present invention involves an inventive 
step, since the findings of the present inventors are contrary to textbook 
knowledge and it was surprising that it is possible, according to the 
teaching of the present invention, to obtain a solid material by 
polymerization of a building material being dropped into a bath fluid 
consisting of an aqueous solution containing an initiator. 

e) Applicant firmly submits that for at least the reasons given above, 
according to the teaching by Clark et al., the aqueous sodium bicarbonate 
solution is sprayed on the monomer mixture, because according to 
textbook knowledge, the person skilled in the art would not have 
considered it to be possible to obtain a polymer having a sufficient degree 
of polymerization, if too much water would have come into contact with 
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the cyanoacrylate (e.g. by dropping the cyanoacrylate into an aqueous 
solution, as according to the teaching of the present invention). 

In summary, rather than starting from Clark et al., the person skilled in the art 
would have started from the teaching of Ederer et al. (as discussed in the present 
specification) in an effort to solve the object underlying the present invention. However, 
the person skilled in the art would not have taken the teaching of Clark et al. into 
consideration, because Clark et al. does not even relate to the same technical field and 
does not relate to the object underlying the present invention. Finally, even assuming 
for argument's sake that the person skilled in the art would have taken Clark et al. into 
consideration, he would not have arrived at the claimed subject-matter in an obvious 
manner, since Clark et al. only disclose spraying a 1% aqueous sodium bicarbonate 
solution on the monomer mixture to accelerate the polymerization, rather than providing 
a combination of at least one building material containing a cyanoacrylate and a bath 
fluid consisting of an aqueous solution containing an initiator, suitable to be used in the 
method disclosed by Ederer et al. The person skilled in the art would not have assumed 
or had any reason to expect that such a combination would work. With due respect 
given to general textbook knowledge, the person skilled in the art would not have tried 
such a combination with any reasonable expectation of success. Therefore, the 
claimed-subject-matter involves an inventive step and is not obvious in view of the cited 
art. 

For at least the foregoing reasons, the §103 rejection should be withdrawn. To 
establish a prima facie case of obviousness, three basic criteria must be met: (1) there 
must be some suggestion or motivation, either in the references themselves or in the 
knowledge generally available to one of ordinary skill in the art, to modify the reference 
or to combine reference teachings; (2) there must be a reasonable expectation of 
success; and (3) the prior art reference(s) must teach or suggest all the claim 
limitations. The teaching or suggestion to make the claimed combination and the 
reasonable expectation of success must both be found in the prior art, and not based 
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on applicants disclosure. In re Vaeck, 947 F.2d 488, 20 USPQ2d 1438 (Fed. Cir. 
1991). See MPEP § 2143. 

In the present case, there is no suggestion or motivation, either in the 
reference itself or in the knowledge generally available to one of ordinary skill in the 
art, to modify or combine the cited references to arrive at the presently-claimed 
invention, nor is there any reasonable expectation of success. A prima facie case of 
obviousness therefore cannot be established, and the rejection must be withdrawn. 



In view of the above amendments and remarks, Applicant believes the pending 
application is in condition for immediate allowance. 

Dated: October 16, 2006 Respectfully submitted, 

B y /C^^X- 
Christine C. O'Day 

Registration No.: 38,256 
EDWARDS ANGELL PALMER & DODGE 

LLP 

P.O. Box 55874 

Boston, Massachusetts 02205 

(617) 439-4444 

Attorneys/Agents For Applicant 
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APPENDIX 

An excerpt follows from Principles of Polymerization , 3 rd edition, J. Wiley & Sons, NY 
1991: pages 6-9 and 398 and 425. 
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Propagation ^ ...... 

• liolyinen,. The pramisaiinj anionic *n:tri ien»:i in!*: S-cauj, « e! p:,«oa 



or 



^ansferto^ 
? ::The.nc>riteftni^^ 
^ral:dilferent>ays^ 

*SW . • nt^mi ^n^rc oii. Further, .arrer ivy _-^^ e j t her th^sarw^?]., , r . ^ 



1 ^ r ^t 




:>-'Jerjzati6.n C90 , 
^-fc^iiferehtniononier;^ 
^^■^cular^ight^^?f^ 




H • 



- T* 'f- 5&S Water *as t^^pTe, C.i 
^ffe kteeor * ^W^ a ^SU naphthalene [Szw^fl 
, f , !l0 n. •« , nrerie at ^?^*SrUn greatly limiVtWf>0$ 

S-i^rStS^^ transfer oc^^a^i,^ 
, nf », be as much of a f3 not p reve nt the format.on of high; polymer, 

esencein.smal^ • . t%i . 



• .^y^m r U T° U ^h3 ESnier; would «ot be livi^f '^; 
•/twaase 'transfer «wW * ^ ! -^ the jdiberate addiyioaof a chain-transfer a^ent j j'- 

r 5^^Spon/aneoas Termination^^ — ^/v- / / / • 

polvme^o «o, live forever. ^ the 

ceotriioo of carbanfon ceoters decays with time JFontanillc,. I9b9, Glass*, 1983]. , / lv „ 

Poj^vn^corhanions are the most stable of all living anionic systems/ as they, are J?;: /' / rnc 

tfahle'foi vvceks in hvdrocarbon solvents-. (This is much more stable than arty of the- f //;7t ' sic 

frvrng caiioote systems studied to date: see Sec..5-2g)>. The mechanism for the decay." ^ . f r < 

of polystyryl carbanions on aging., referred to as' spontaneous terminations is not com- ^ ' *• V v tii 

pktd) esrablished. The genera fly accepted mechanism, based on spectroscopy (lit ; \^L-i%y-r k ; ; 1 

. UV-vlsible) of the reaction .system and final polymer after treatment with/ 'wa tet,^?' '? . 

• capitis <}f hydride elimwatioh , .'/:■/ . - l" : ^J>*: : V*;... V •; 



me 
re3 



- "'on JXXIH) [Spach et al mi). The sodium / ^ 



0 

11 + — CH jC H0CH=CH0 




'" c "^nation andside reactions fto^rv- 
this 10 T„o in coWlex polymer structures IJBywate^WV^ i^ 7 «iV T riVing • 



CH:= ^__C-OCH, + R" Li 



Cll, ;C' ,CH, 
CHr'COOCH^ 



XXIV 



o 



-• i ■ , f i» "■ > -fife 




yi ^ s ^ Group Transfer Polymerization •;> •;.'-^-'^<; : V" 

, I" a ow temperatures, the low temperatures l>mffl 
! ' • A .raltcr polymerization yields living pqlyme^an^^^^.pg ' ° lo» 



. : :OMe 

•MeXH-COOMe 8 >■ M*,C=C — (^t-r-r^'M^G^Ir-aS^ , 



Initiation involves a concerted additienr of methyl trimethyisilyl dimethyi-ketene acetal 
to monomer to form species XXVI.. Tbe-»veraH-,fefiec^is v tiC(: ttaftsfeF the. silyl ketene 

m^c^c ^ • • Mer-^o;- . : : ;;. : v.- • 



tigs 

■Mi 

■m 

■ i 
. ft 

••"•li 
it 



(5-78)' 



I I 
Me OMe 




ace!al c ^nter from initiator 



pi.-^-^-V." ..",',5.?'*.. 

***^;??f ' * • II ^ 7 | iv**. * • ••- • 



to . monomer. JJ^opa^^ similar -manner 




1 




w . ^ .... v - ^tioN v ;v . _ : • ^" "mating center. The- Ptf>F 



IP 




•i ween -solvent- anu iniuaioi f j nc. cuiiwwieu -j cuvuud ( i» aiaw f vj^v^^^y,. tyj^ "v-f" v 

: ',for tH^jbwered sensitivity of ^TEP '.toward '*he .various iiifc ircuctipns pf eseht ui \i\xt j|\ ' ^V' /. ,V 
- . usual anionic^polym amontc;^Jyn^v^ , , * ' 

erization [Brit Jain and J3icker 5 1989] ) but their rates Tela rive to pro pngat ion are 1&£K&£-Z^h * ; V 



.M^acidcata^ 

: - The'cS^ 1 ^ frC ?°^' nor ^ic maSb 6 'he. purification requilW to -V ^V'^C 

cotoii//l^ nyolyes a ^ncratiori of-the nci , V The a ^mate; mechanism' pro^. ; ^h.-: 
TOchani s ^ nvo i23- locbntV^I of * ^ S, W gTOUp ; pf in/tidtorAl^f 





0C -tfr CH 2 — CH^T CH 2 GH 



• (5-80b)' 



: - -product:js a -sila ted i;poiy (vinyl alcohol) (pyA), wh^ ; '- i -V t ?|l 



■ ' was* 1 *' 



i- , 



■V* ■ 



H r N:>0CH = CH 
J* [ a M initiation 





: f 3d Kjnetlcs of Polymer^ 

ihe potyiTienzation rate-tor an .aniorMCjfolym'e-r^^ 
,.. v mui(aneousiy ; with pronation foj!^^ 
iwiyrrierizations (Sec. 5r^)/ForV 

ammonia, initiation involves the dissociation: of potassium '^ i -•>' 

of amide ion to the first monomer -unit" v 0 : 't^- ; \-:. - ; ; : r 



H^N—CH^ Cry- 



?o£a 



^* ~» |0n> 



' . 'o n g agent :sp^fl^Vjp^S5«Sffi?„ 

^Stration of propagating spec.es. Sjnc^p 
'• -total concen for mo | t - systems^ equating -th|(pn 

^fis not introduce, a _signincaift error/TTie ^fgg&jBj 



^ m nonpo ar s ^ ^ - a f^ agati( ^,More complex k^t;c;expressipn^ analogous. v^J 
' certain canonic systems; many aniomcMiving polymerizations proceed too , 



rapidly 10 be followed by 
[Sec. 5-2e-I) is useful for 



y techniques:^ V£f )*[ bJ%® 

rstytfy^ : #7^ 
«V^rt.Viar.ti : on svstemVcbntained m fa ^ capillary tube aUowrbnc,/^ " £*;fuj 



elation rate can also; 1 be obtained by a ,m^^^ 
V lvmerizaiion is stopped by running 
•V ; rontainine a terminating agentv The reaction time is give iv by, the ratio of the capillary 

o volume to the flow rate. Short Reaction, times from '^OO^tp S -siecjcan be;.accura"telyv ^$J&;;gm 



studied in this manner . The ednversidn and . nertc^^ ^f7*3$I 
cons»ani are obtained 
br unreacted monomer. 



• , .''. r v. 



by analyzing the $ueriched.reac^ either, polymer 

/ It is useful to understand the [reasons for^ ; v 5 

; many anionic polymerizations compared to , their t radical ^^unterp^tis:^ Thi§ c^-be^'^;./ ^l*^ 
■ done by comparing the kinetic, parameters in appropriate rate equation^: Eq:' 3:22 fbrv v v/',>; 
\ radical polymerization arid EqJ5~92'.fo^ r\ 
■ v radical polymerization are similar to the kp* values in anionic ^lyi^erizaiioniA a *r 

values may be 10- to lOp-fold lower than in radical^ ^ : 

" erization in hydrocarbon solvents, while they may be 10- .to 100-fold higher for po- * ; ;V : ;V ; 

Jymerizations in ether solvents. The ma radical ;^ ;^ . 

^ polymerizations resides in the lack' of termin'atibn in anionic polymeriz^tfon and the % : ; V ; 
: J»;ge difference in the concentrations of t^ 

as '%£ 

' ■' . lg as 10 _4 -lO"^Af. Thus anionic : pOlymenzatt^ ,v 
fates based only on . the concentrations of' propagating 'species: r • -"r ''f~,~<?y ^ A' 

5 " 3e * 2 Eft ects of Reactipn Med/a . - : \ : ^ ^ ' , / ^ : 

• v are V dr r ° Pag - ali0n /ate conslant and the polymerization rate ior anionic polymerization - >' 
the da? maU T aUy affected b y tne nature of both thelsoiyent; ai^| tHe?^nterion^Vu^f r: - * ^ 
s^;l d k ,n Tab,e ?r ]0 show the pronounced; effect of ^lyehtffi the^^enzafion eft 1 
y >^e by sodium naphthalene (3 x 10 ~? M ) a t 25 6 C Th e^a pp'a re n^r^^a^tVc^r^a*?^!^ "Ht ^ 




y^^^^^i^rmative to obtain ihe individual propagano 
P ^ ' - ' Vnd ioVpairs as well as the relative amounts of the t< 

)■• " I \~^--^5-3e^a Evaluation of Individual Propagation Rat 



)n Rate Constants JvW^^w ^^t^Si 

|f .>.'.v / / 0 ^/?a/>s. The rate of polymerization is appropriately expressed, as-the*^ ■ WEra™ 
t . £ S VK' : V ; 4]es*fpr the free propagating anion P" and the ion pair P '((>):; 

f; *.f>;-k^ ?'?/?^-*;[p-)[mj + fc;iP-(c/)j|M]' 

"*. ;i - *, ; ^ - here* p - and k~ are the propagation rate constants for the free iofe ; l^i^§S^B 
•' respectively, [p-j and |P-(C)] are the concentration's of the h&e^^^ mSSSm 
jfc ;, " d :J^ 1 l is thc monomer concentration. C" in the above not;ttion5Mfr)M^^i 

R' ■ 7 V i ■■■ ? ct »'"'^on. Comparison of Eqs. 5-92 and 5-93 yields the apparent 'kf^^^M 



L . ;.?^P>opafia,ing species are in equilibrium 

':;|;^\- ; 1f(c^ P - + c . 

|^ : • r governaf-bv the dissociation 



according to 



constant K given by 





tec 



.-, {r] *(XlM-])' 

'^concentration of ion .pairs is given by, jj||g^; $W":$k¥ 

. C0mb.riati9n.Qf Eqs. ■5-94, 5-98. and 5-99 yields.^ as a function of-JM' I • ' ^/ ^..^j 




f p ' [C']: v v',': . • 

When the added salt is strongly dissociated and the ion pairs slightly dissociated, 'the 
"counterion concentration Is very close to that of the added salt (CZ] 

X 'ic } = [czj .; ■ , ;. ,\ . . • - . 

; Tltt^ncentrations bf,free anions' and .-idri pairs are given by 



?■ [CZ] 
'' (P (G*)) = [M:.| - 



v. which are combined with gq'i 5-94 to yfeid;. "'. ;' 



-ife 



.[CZJ 



•ajuajions 5- 100 and 5-105 allow one' to. obtain :\k$ : , k; ', and. ; A', from. val ueV: 
'j| miid 'J> the absence and presence of added common ion. A" plot of k*fv. obtained' 
the absence of added common ion versus [M-j " ,/2 yields a straight line whbse slope ' 
•Jimercept are (A; - k;)KP- and ^Respectively: A plot of ^obtained in the -V-: 
Presence of added common ion - • - p - - • 





_-L.. 




I: • , ,,, 



^ Polymerization^ 

5'3e-2~b Reactivity in Anionic Polymerization. Table 5 : ii< shows the values of /£ ".^^'"Vvi^':v' 
and the propagation rale constants for- free, ions and ion pairs in styrene polymerization • f ' 7 

in THF at 25 e C with various alkali metal counterions (Bhattacharyya et al. , 1965a t bj. - ! : ... ~ r r 
The corresponding k* values in dioxane are also presented. Tne values' of and fr /^; ; < 
in dioxane could not be obtained as conductivity measurements indicated no detectabI.fe'--»-^l^^li , i^' 
dissociation of ion pairs to free ions in dioxane. A consideration of the- data irv Table. 



if*' .. 

i ■ 
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^ 1 * ^ * >fPP5 c 0' 2VI * < 25 ° c )> * nd MMA/X";98*6); respecdyelyVali me^ured it^HF : 

^ ; S ■ ^V-lVv .the ^ values in .Table, 5-l3v indicate, that increased ' solvjadng power ^affects' the. ' < : . . 
\ ¥ 'reaction rate primarily through an increase in .the- concentratibri of free iorts. ^herr ;' ;> 

]i: r '-'-^^/? . ]iihiura^*;the .counten^ the ecpilibiuW v 

\- ' ^'i are fir/ee iS ps* ih^THF #orafx^ 

: v.%:J; ofc#:prbrjagltfn^ is:il0A 3 vW^^ ^rbaji^pkaneg^ Smog free ions; 'arel':; : V : '' 




?I\v'%ir-7^ *>" ^?nteht.^ith those'bbtained^ kinetic: me asu^ 

K< : v^>? '^^^'^iy- area .9-, 14^7^^ ^^ttiveJygfpr lhttum ; ^odiuni^^ :/ 

>: ' : ti ^ ^ : 3A^^^^ a P d ^^M | T i:; . cpOnten^ils' j[G^cihtpy et al>, 196%;Sruin0mura et ;tft^ '1967%;; ?\ 
^^^w^; 1 ^ 1 Szwarc, 1969].Tabte the ion pair : ; ^ ' 



-1 




' - "v " ialu^ ^^"Vijies- of the vanous^ori p^r^aiso! 
'-"'V '"'"'inctk CS " The fl ^ cti6n Pf'thfe ion pa'ire that are ol^Wjyenf^prat&'ty^-'^ . 
X:. : y^ '- "''much *J ln ? e ^ in g solvation of thexounterion. SoLventWparate'd.iori pairs are • ' 

; / . . •• y 'ciauve to THF area srf a rnhcMivAn^ .nf.rW nr» t ;«^ ^iri-v *.* * ^. ^ ' * 





Wm 

1m 



Eg 




p p; :• :: ^83^!fEhis ^fe the Averse of r the order :Ob^r>*tf for -^i^P^^^^^^^ 

[.-'V' -'-.' - . solvation sphere; /•**.■•-" - • ;•> . _ • >■: - A***- * S«*«MHHR 



5-3e-3 : Degree of Polymerization 



The number-average degree of polymerization for s l'^;|Kv|v^^i^^^» 
/the ratuyof ^the concentrations of monomer and bwng^^i^.^iH^^^ 



I: 



tP^.: ^"^7 becomes . ? 
: " or 




* . too different than for any Other propagating chain 



Me-A ' Energetics 




molecular wei^^^ 

^ransfer.agent^ are initidify/^^nt. •--■'■* : V?>j ? '?-?" : -;. 1 - ' V-'-'is ' V 'v V ' < ": 

' j-' v- ^? st °^ tne ^Uvatioaenerg^r^ata reporied in tW ^teraiuf e •Are^pgarerii 'activation V:. . ; 
"? < ; - . corresponding tb the; values for/tiie:ap^ rate' constant . Th'e;'r- 

• ! f 1, ^ m 0f ^^ m P eralure 'on propagation is c^ affects.; ,^ ( 

;v -'4 e relati ve concentrations of firee ions ahd iori pairs and tite individual rate, constants 
VV-9 r the free anH in^- • Ti^™*;.:^'" 4 




will be hlglicr iJ'an I hose nr . 
the 



more poorly jsolvntcd ions (!&*■)•■:"■ ; ' - . V . - 



« - «- - t^,:s?ssrs;!i^a 

pendent -pi eoun te r i o n . -i n d i cat i n g^hai^f^^^p 
er- k:; 'is;independent of the soH^^a|^^p 
ant with increasing solvating. paWrfurn ^iicfiSffe 



tctKihvdropvmn, ^dimcthoxvetfthne) [Muller, j?B9;. Schmiti anf.^l^^^@ 
Szwarc. 1968, 1974, MS3|. ^ is independent of counterion , >»ndie^jng^a^|^^ 
served value is for the free ion. Further, 
one expects a decrease, in t he rate constant with i 

between an iconic species and a "neutral molecule; jSee. 5-2t-2), Apparently ; : t)re^riiT|^ 
t>i solvents studied (various ethers) 'dtd^pt conpn a large ^enough »#0e^^.qe/i^^^ 
v.tting power to observe the expected effect even' though thecc was i'sigfii fvcuin^|^ 



quencv factor 4- fonh 

of magnitude. Propagation by th^^'S^ ^^i^de^^t^ffl^ 
ana a higher ifwmer.j-.., r....._ , .„ » -' a 



er frequency factor (E 



•heiow e ,activauonene^fo r 'l 



!i e constants f° r ... 



+ (i - 



Of 




. ,i _ jf) are the fractions of sojv ( 
W herc ^ and (J • * , e ,^ oi |j br i„rn constant 
respectively.- and A,, is tne h 

types of ion pairs ' 



S consent for interconver.rpn ^^^^M 

Tne v-ui.ion of ? wi.h temperature depends on the interplay of. the separate ' 
Sn^tV. a/d K 0 on temperature accord.ng to • ■ . - : ■ v ^ ■ : ^ 

' . ■■■ (5*113) ..V. 
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^.ONtC POLYMERIZATION OF ^^i*^ dOUBLE-BON^ 
, , hp various actrvaubnana^^ 

reactivity *S^^^>«*SSS^S^- 
^ ,er$ a Sfree ion and solvent-separated^on pa.r have compara^.e afc^: 




381 



.... ^ntenon in the trans in -fHF are solvent-separated .on ^ 

.. ?^i fl L overaH propagation rate. The wide variation ,n the relative 

' ' "'^"^ pairs with solvent foevident^ron^he; 

^n B <J^ ^te , nd met hoxyethane tetrahydro- 

rtlues ol 0 l 3 u ut reS pe C ,ivelv, at 25°C) [Szwarc. 19833- , • . 

> ^"iZZfvTf ol the values in TWifTaHid 5-11). Most of the observed . 
' ^ SCan ,ion SroSsS to solvent-separated ion pairs and 4 is ; a good indtcanon , 
^ S ^ioTin'4 from to Cs" i^eia^eiy small and is probably due more 

" '" ^ev he fractions of solven^eparat^ ion- pairs than tO.drfterenc^ jn^, ; 
,V l 'SvhVof contact ion P airs:ls more sensitive to ,ih* count erion: The vanat.on 
. 3V in dioxane is bv-a factor of 25 between the different counter.ons. -Since the- 
icdon of solvent-separated. ion pairs is extremely small, in dioxane. k* is rnd.cat.ye 
• ; ' of * The lamer, more loosely held cesium counterion results in a higher reactivity 
for the contagion pair. The variation bf^and k- f with solvaling power o.t the reaction 
medium is' not established. Some dina indicate that k-iis insensitive to solvent, while 
% increases with increasing solvate power, but these, results are limited to' ether 
solvents. ■■■ \ ■>''•■•{>■:■:■. .. .<'•'. 

, TABLE 5-12 ••: .Pr^paifiatJO.n orPolj^ryl Stfd^ro in ':. "A-.- 



•if, , . • 



M f: <- 



(iZU^C) ' - ■ 4.6 :*ft*f inpte/fiier (20%) 

'.. ■ * A . xl. W ^ mbic/ liter" i 4P'C) 

"/it- ' '• • ; : 6 j ; >f.' ihersl mole ^'c 

A\ (20 a C) 24 hicr^mole.^c 

E, ... J9.7 kJrnriole : - : ' 

-.4," \ . * X J^Utc^/mole-^cc': 

^.(2trcj : '• 5.5 x lb 1 liiers/mok-sec - 

atftt 1^.7 kJ /mole ; : : 

_ ; ■■■: > • ;\ ; --.i#z j/Kmoie v ■ 

"Data for Schmljt/and Schulz [ 1975}^ ; ; . ' >; 



£i1 



f. - ... 




'V, there are consiacru .^mywateU i?™' . . :; 

r K - tipns of diflerent *9 , • ^ rvbiwllv ^n^ W.ibpw fractions* 

l988,You^e,al J98j • 




^ar.considerame--- , ;i975 . .,- ; 

)ns of differe t n a t , %g4l. • ,. rtns 3W ^"y ^^ w.ibpw fwctio^^f? 
,. 88 ,Younge« al^ r jon ^y^,,,, a' quUc <*mpfcx: fh* ^ V 

71,6 7S2£* of rate on *H *h* (ON*, and o« e „ : f 

£^ ^«--« » 

""depending on the W^f^l^t«M..% **t>W*««!* * :■ 

; vents, the initiation and propagat ,on ^ t ^,^v£-^« ^t«5r|»«Scdm . > ; 

of n-butvililhium concentrat.on, rcspev ^- . ; ■ : 

Srms of the following, association equilibria.- 

V(C 4 H 9 Li) 6 6Qfl»Li- \ ' 
(CjHu— M;L.i*) 3 



with initiator and propagating ion pairs in eigfiffifoiA- , 
V: •'■V,:' and dimer> respectively. (Equation: >H5 ii ct* *vcr- >t ... 

hexarneuo moriomeric /i-butyHiihiiirr). prr^bJ^ fcA^yVV' -< 
' v ; the concentrations of unassociated nftiia^f pr« ^'V*- 

_ which explain the dependence of anrf c M " « 



.f<:- 



: ■. * s^ss: ? pa ^ - ** ^ - f 

■ ^ UKe fi ' ***** umi j«^f^ 

. ; initiator but Ic V - S * ffcre W vhh t ; . 



•i 



if ' I 



1 • 



mm 

■aft, 




.^-r./;. . . 

greaferth^ 



»a" on l> er nudeonhiiicity of tertiary 

;' h " lendon the monomer, indicating that steric 

• but t* c r 



"f Seater nucleophilicUy ©, ft^^g not always .» rWHlB*r«»fH 

o^. V relative «-*2^/lJ3& steri c effects are also ^por^g^ - ^ V 




iM u,oaCCe, ^^c3a\Sn of initiator? Gross association is weaker and" results ^. . , 

^^^^«>^^^h^ Thii effect may a so explain *e ,. • 
concentratio r n tfkWih^failri between,!- and l-order).m .Ah- 



pairs rtp-"- ncentr ation Of mono menfeinitiatof. inis eneci ...^ * ^ " ■ " ? - ; 
..^creased JgJgSfo £ on fnifr^typidally between. J- and 1 , order). m aU- 

^^.^nt^llar qual.titively but'diffcrs. quantitativelv for isoprerie^^ £ 



, me dependence of '/& on initiator; varies; from J- to i-order depending v , 

- ^ 3d,en fic £S system: The&actioSbrders. for ail monomers are affe^ed jy; Je, .■■ ; . 
> CSPCC ^ 2f as absolute concentrations^ initiator and'monomer; T^* the^~ ; - : 

' ' r?!a rWre of* on initiator ^drJHS^ 

V f * ^rcM-orderat initiator concentration^ above lOft A/ but i-offJer-aVim^ator., , ' . 

- -"r iVrationUelow jO^M [Van Beyleh et;aM 1988]: Higher initiator cor£entra^n> ; -,,;^V 
: ?e!d hieher decrees of aggregation and; lower;kmettc, order*! The excess ojf monorner ; ; . ^ , ^ 

- Ur initiaior is~also important. Higher kinetic orders are often observed .as the mon^ 
omer: initiator ratio increases, apparently as a result of breakup of initiator and prop- 
agating ion-pair associations by monomer. 

The association phenomena occurring with alkylHthium initiators in nonpolar so> j, 
'vents results in very low polymerization rates. A typical styrene oj isdprene polyrn- .V- ; 
^ erizatioir by butyllithium in benzenelis- orders. .of magnitude slower compared to the V 'p-f^rl 
^corresponding sodium naphthalene, pQ]ymeHzation v When 1 /butylUlfoium polyrnetiza- .? \ • -• % 
■ f tions arc carried out in rx>IaK solvents such as tetrahydrofuran, the 'association of;; 
? initiator and propaga ti ng species v^ishe^ and the polymer izat ions . axe; j.'; 

.much more rapid ; The association pHfeiiprr^ by adding £.Lewi$*' . 

'.' base; which can coordinate with trie initiator (Alev et al:; 1980'; Chemirm et al» T 1979; -. 
Dumas et al. 5 197S; FontahiHe,' 1989: MtilierV l9S9i/^piyamines such k 'N 7 ti+W3$-r T j 
tetramethyleihylene diamine fTMEDA) and pdlyeiheri such as tetraglynie, CH^O^ 
(CH : CH ; 0) 4 CHj. are more effective in breaking up "the association than are pimple;' 
ethers and amines such as diethyl ether pi tnethyiainine.Tfie effectiveness .-of a" 'Loyib 
base in promoting, initiation aiid polymecteatipn decreases, if base: irtitmtor >niu6: :: ( ' 
is too high. One observes the'pbl^&fizatip:^ tp.increase with;iricfe^:irjg'. {ba^e|^>> 
•• f^Li]and then leyel.off at a maxinViiiivr^te/ Wi^ ^ 
rate decreases after reaching the ma^ujrn fbas^J/fRpij is incrca^^ farther £^ 

1976]. Complexatiori of ba'sfe WiF K' t nitia tor- "becli mes "$6 extensive tb' decr^as^ ' > ' * '* • ^ 
' !f reactivity.of initiator, V' : 1- ^ ' 'V /' . . ^ ' " :\ " t • V-^ ' ' -• V - H 

2 2 T 7 he macr ocyclic crown ei)^ •'] 
diitf * Cr>ptand ,^ XXI ? £ ) ateextremely po up a^fatiorf#-6rg^V^ ^ ^ , ! 

terioT COm P? un ^ s - These macr%yclici!^a^ litMi m apti also otjner coUx^ • S : W ^ 



Si 







•I. - hieh er reactivity pr2^pg 
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: ^ „;;. b een increasing acti^M|®?|^i^i^^ 

v; : >^ rtie 5 ^ f n ^ ers with long blades of tw5^tir,?r\<>re) different monome^f AlIp.ort - ; ^ - 
W^jSfi^, I973?^hiy^nd^fet^l9|71. AU tHfe-methodsre^u.re-; , ,^ 

""ft: ^ 

*4a sequential Monomer ^Uon. .. . \ , '. . ■ " ■^.•^ , c , ; : v^\,i|Jf 
^^^•'^i^-atWitten^pnoiiers.to a iiyiniahipniopblyrnerization syste/n is at'pre|ent^. , 
/ cil, t lst useful method of synthesizing well-defined block eppob;^ 

' ononand'Fetters. J 977 ; Reriipp et al . . 1 988]: An! A B diblock copoly.ner is produced, ; . 

: • 5*5ow B is then added ; tothe. living.polyA:car|?aiiions: When. B has reacted com- , :lf§ 

^'■:: |>j^etely a terminating agent such as wate*-^ :■. ; .; v, , : 4 :v >-V«;7;^ ^f|| 
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rv^V/^Wd: to synthesize any of the ^anicnii typhi r 6f ;blb^" cqi^lymbrs C^CtVi , tettar^mu^v 
|. 'muitiblocks) by employing the proper; "sequencing of additfen^;of'cHffei*erit monomers 
y±y. t provided that each propagating catbanion ^a/n initiate /thd ; pol)^ei^Stioa of the. •rjejrt ; 
; ^ r . .monomer. For example, ,poiysty^ i 

n V : ; rnethacrylate, but the reverse does riot occjir . Synihesif^ of .'a ^'tyrenc-jme jt'hyi '-niethv' ?i " .■'■'■rv^* 
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■> - vivj.raA;...bequencmg -is not a problem: in synthesizing block 'cd ".■ v % : 

isoprene or i,3-butadiene" T^eMe^i^ir^f-e^ 

: • V - % ^termined by the . amount , of each imonomeV 'adde^ ;V reWtlS^fd.4'kfe; amount of • ^ ' : 

initiator TYi* " • ' ' ' .' - ^ . • - . * j ~ - .V v • - • 



initiator. The overall properties of the: pcoduct vary with -the block lenuths of the • r 
Werent/monorriers;: \ v ' "' :X ■ ■/ ; ■ ' v -." i ;'■ * ^ ' . \ 

v Afunctional initiators such as sodium naphthalene can be advantageously used to, - - 
Snet^I' 6 q BA;BABABj CABAC, and other symmetrical^ 
addition^ n^I^>!i? H 1 ? 71 ) mor f ^^ n ^ : lhat is, using fewer cycles:^ monom^ 
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